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(54) {Title of the Invention} Quality Inspection Method for Use During Tube Expansion

(57) {Summary}

{Problem} .

To offer a quality inspection method for expanded tubes whereby the occurrence of quality aberration
or the degree of quality aberration can be determined at the time of expansion of the steel tube, and
whereby remote observation is possible.

{Solution} An AE sensor 10, which detects steel tube vibrations during tube expansion occurring as a
tube expansion mandrel 20 moves through the interior of a steel tube 30, is situated against the steel
tube. Increases in the AE sensor signal amplitude, the number of increases in the AE sensor signal
amplitude or the time over which the increase in AE sensor signal amplitude occurs is detected, and
the occurrence of quality aberration or the degree of quality aberration in the aforementioned steel
tube is determined on the basis of the detected signals.
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[see source for diagram)

{Scope of Patent Claims)

{Claim 1} A quality inspection method for use during tube expansion, characterized in that an AE
sensor for detecting vibrations in a steel tube during tube expansion of said steel tube is situated
against the steel tube, anid when tube expansion occurs as a tube expansion mandrel moves through
the interior of the steel tube, increases in the AE sensor signal amplitude, the number of increases in
the AE sensor signal amplitude or the time over which the increase in AE sensor signal amplitude
occurs is detected, and the occurrence of quality aberration in the aforementioned steel tube is
determined on the basis of the detected signals.

{Claim 2} The quality inspection method for use during tube expansion according to Claim 1,
characterized in that the degree of the quality aberration in the steel tube is determined based on the
magnitude of the AE sensor signal amplitude, the number of increases in AE sensor signal amplitude
or the time of increase in AE sensor signal amplitude. '

{Claim 3} The quality inspection method for use during tube expansion described in Claim 1 or 2,
characterized in that the AE sensor signal that is detected during tube expansion is amplified as a tube
expansion mandrel moves through the interior of a steel tube, and the level of the aforementioned
amplification is increased in accordance with a continual decrease in AE sensor signal amplitude, or
the level of the aforementioned amplification is decreased in accordance with a continual increase in
AE sensor amplitude. -

{Detailed Description of the Invention}

{0001} : '
{Technological Field of the Invention} The present invention relates to a quality inspection method
used during tube expansion. In particular, the invention is a quality inspection method used during
tube expansion that is appropriate for inspecting quality aberrations such as cracking or pinholes
generated in the joints of long steel tubes, etc., during the expansion of steel tubes. ‘ o
{0002}

{Prior Art} In the past, the tube expansion of long tubes formed from steel has been carried out using
tube expansion mandrels. As shown in Figure 1, this process involves the insertion of a tube
expansion mandrel 20 into one of the open ends of a long tube 30, applying a specified weight P in
order to insert the tube expansion mandrel 20 into the long tube 30, and pushing the mandre! across
the inner wall of the long tube 30 towards the other end, thus performing tube expansion.

{0003} However, there are cases where quality aberrations such as cracks are produced in steel tubes
during the tube expansion process. In particular, with tube expansion in steel tubes having mechanical
joints or welded regions produced by welding or diffusion welding, quality aberrations readily occur
in welded regions. In order to detect these quality aberrations, non-destructive inspections have been
traditionally carried out. For example, ultrasonic defect diagnostic methods have been used wherein
ultrasound is made to impinge upon the body-to be inspected, and internal defects are found based on
differences in reflected waves at end surfaces and defect surfaces. In addition, x-ray defect diagnostic
methods have been used in which x-rays are made to impinge upon the body to be inspected, and the
transmitted radiation is then used to sensitize film, so that the defects can be detected from the
photosensitive image thereupon.

{0004} However, in carrying out these inspection methods, there is the problem that at least part of
the detection device must be positioned in the region that is to be inspected, and this creates problems
that are exacerbated as the length of the tube increases. In addition, there is the problem these
inspection methods cannot be carried out on-site during the tube expansion operation, so they must be
carried out after completion of tube expansion, at least in the region that is to be inspected.
Specifically, with conventional inspection methods, inspection must be carried out with at least part of
the inspection device located in the region to be inspected after completion of tube expansion.

{0005} On the other hand, when installing oil well pipes for drawing oil, etc., out of the ground,
technologies are known in which tube expansion is carried out by inserting a steel tube with a
comparatively small diameter into the ground, and then inserting a tube expansion mandre], etc., using
high downward compressiv -force, which thereby reduces equipment inistallation costs. In order to
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inspect expanded steel tubes using this conventional method, it is difficult to situate the inspection
device at the outer wall surface of the steel tube, and is also difficult to move the inspection device in
the lengthwise direction along the outer wall of the steel tube because the tube has been laid
underground. Consequently, it has been necessary to inspect the tube by moving the inspection device
long the interior of the steel tube. However, the tube diameter is small even after tube expansion, and
the total length of the tube can be as long as several kilometers, so there have been extremely difficult
problems with quality aberration inspection over the entire length of a steel tube using conventional
methods. : -
- {0006}
{Problems to be Solved by the Invention} The problem to be solved by the present invention is that of
offering a quality inspection method used at the time of tube expansion, whereby quality aberrations in
steel tubes can be evaluated with the inspection device in a stationary condition during the tube
: expansion process for the steel tube, whereby an occurrence or degree of.quality aberration can be
determined at a site that is removed from the quality inspection device, and whereby quality
aberrations in said steel tube can be detected almost simultaneous to their occurrence. ‘
0007} - o .

~§M_ean}s for-Solving the Problems} The gist of the present -invention used in order to solve these
problems relates to a quality inspection method used during tube expansion wherein an AE sensor for
detecting vibrations in a steel tube during tube expansion of said steel tube is situated against the steel
tube, and when tube expansion occurs as a tube expansion mandrel moves through the interior of the
steel tube, increases in the AE sensor signal amplitude, the number of increases in the AE sensor
signal amplitude, or the time over which the increase in AE sensor signal amplitude occurs is detected,
+; and the occurrence of quality aberration in the aforementioned steel tube is determined on the basis of

the detected signals. :

{0008} By means of the quality inspection method used during tube expansion pertaining to the
* present invention carried out in this manner, vibrations arising on the interior of a steel tube and on the
surface of a steel tube during tube expansion occurring as a tube expansion mandrel passes through
. the interior of a steel tube are detected by an AE sensor situated on the steel tube, and quality
. aberration is judged to have occurred when an increase amplitude of the aforementioned AE sensor
.. signal is detected, when the number of increases in amplitude of the aforementioned AE sensor signal
- reaches a predetermined number, or when the time over which the increase in amplitude of the
aforementioned AE sensor signal occurs is longer than a predetermined time. - .
. {0009} In addition, as with the invention described in Claim 2, when the degree of quality aberration

of the aforementioned steel tube is to be judged based on the magnitude of the increase in AE sensor
- signal amplitude, the number of increases of AE sensor signal.amplitude, or the time of the increase in -
- AE. sensor signal amplitude, detected at the time when the aforementioned quality aberration is

o , determined, the degree of the quality aberration of the aforementioned steel tube can be determined

- . based on the magnitude of the aforementioned AE sensor signal amplitude, the number of increases in
- .. the aforementioned AE sensor signal amplitude, or time over which the amplitude of the AE sensor -
. signal has increased. : 0 . '
- {0010} In addition, as pertains to the invention of Claim 3, the AE sensor signal detected during tube
expansion is amplified at the time of tube expansion as the tube expansion mandrel moves long the
. interior of the steel tube, and the degree of the aforementioned amplification is increased along with a
- continual decrease in AE sensor signal amplitude, or the degree of the aforementioned amplification is
. decreased in-accordance with a continual increase in AE sensor amplitude.

. {0011} With the quality inspection method used during tube expansion described in Claim 3 of the
present invention carried out in this manner, the AE sensor signal detected during tube expansion. as
the tube expansion mandrel moves along the interior of the steel tube is amplified, and as the damping

of vibrations generated by the tube as they are conducted to the AE sensor increases, the degree of the
aforementioned amplification is increased, or as the aforementioned damping decreases, the degree of

. the aforementioned amplification is decreased. By this means, damping occurring with transmission of -
the vibrations generated by tube expansion to the AE sensor is compensated for, and quality
inspection is carried out based on said corrected AE sensor signal. ‘
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{0012} Employing the change in degree of amplification in accordance with a continual increase or
continual decrease in output amplitude from the AE sensor means that the change in tube expansion
amplitude in a region in which the output amplitude of the relatively stable AE sensor changes
continually is taken as a reference. For example, this means that the aforementioned amplification
level is not made to follow discontinuous change in amplitude, as with changes in AE sensor signal
amplitude produced during the occurrence of aberration. By excluding these regions of discontinuous
- change in this manner, correction is carried out based on the change in AE sensor signal amplitude, so
that even if the AE signal amplitude increases or decreases over time during the observation period
over which quality aberrations, etc. are generated, the attenuation can be appropriately corrected for
without erroneous correction. ' '
{0013} :
{Embodiments of the Invention} Desirable embodiments.of the present invention are described -in
detail below in reference to the figures. Figure 1 is a schematic constitational diagram used for
- schematically presenting the quality inspection method used during tube expansion of steel tubes
pertaining to the present invention. A long tube 30 is shown in cross section. Said long tube 30 is a
tube produced by welding relatively short steel tubes 30a, 30b, 30c... at weld regions 31a, 31b... In th
. figure, only three stecl tubes arc shown, but these tubes continue downwards. | '
{0014) The tube expansion mandrel 20 has a cylindrical part and a tapered part as shown in the
figures, and a load P is applied from behind (upwards in the figure). As the mandrel travels forward
(downwards in the figure), the interior wall of the long tube is pressed outwards in a radial direction
due to the aforementioned tapered part, thus expanding the aforementioned long tube 30. The AE
- sensor 10 is situated in contact with the outer wall of the long tube, and the vibrations at said outer
.surface are converted into signals as the aforementioned tube expansion is taking place. Said signals
are output to an inspection device main unit 100 to which it is connected.
{0015} Figure 2 is a control block diagram showing an example of the signal processing structure in
the quality inspection device implemented in the present invention. In the quality inspection device
main unit 100 shown in (a), the AE sensor 10 is connected to an absolute value processor 101, and the
absolute value processor 101 is connected to a comparative processor 103. An aberration decision
standard value setting part 102 is also connected with the comparative processor 103, and the
comparative processor 103 is connected to a notification means 110. - ' '
{0016} The aforementioned absolute value processor 101 removes the direct current component of the
output signal from the AE sensor 10, and outputs signals that have been converted into absolute
values: The aforementioned aberration decision standard value setting part 102 is the part where the |
-aberration decision standard value Th1 is set, which is the threshold value for determining the size of
‘the signal amplitude from the AE sensor 10. The aberration decision standard value Th1 should be set
at a value that is between the AE sensor signal amplitude when tube expansion is occurring without
aberration, and the AE sensor signal amplitude when quality aberrations occur. s
* {0017}. For example, the operator uses a standard value setting knob that is provided in order to set
the aberration decision standard value obtained experimentally beforehand in accordance with the type
of steel tube that is the subject of tube expansion. In this case, the value is automatically set to a value
determined by multiplying the AE sensor signal amplitude As at time ts in the initial stage in which
- the tube expansion process is initially occurring in-said long tube 30 by a constant k, that has been
. determined beforehand (where k; > 1). ‘ :
{0018} The aforementioned comparative processor 103 compares the signal input from the absolute
value processor 101 with the aforementioned aberration decision standard value Th1, and when the
- signal from the absolute value processor 101 exceeds the aberration decision standard value Thi, a
high-value generation signal is output. When the aforementioned high value generation signal is input
into the notification means 110, a quality aberration is judged to have occurred, and an indication of
this occurrence is sent to the operator by a tone or display. ' ‘
{0019} In this manner, when quality inspection is to be carried out by the- quality inspection device
‘main unit 100 constituted in the manner shown in (), the direct current component is taken from the
signal from the AE sensor 10, and is rectified to obtain an amplitude. When the signal amplitude from
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the AE sensor 10 exceeds the aberration decision standard value, a notification is made regarding the

occurrence of aberration. ’ : '

{0020} The quality inspection device unit 100 shown in (b), as can be seen from the figure, has a
“pulse counting processor 104 between the notification means 110 and the comparative processor 103
constituting the quality inspection device shown in (a) above. The pulse counting processor 104 ‘is

connected to the comparative processor 103 and the notification means 110. The number of the

aforementioned high value generation signals received from the comparative processor 103 is

calculated, and when this number reaches or surpasses the number that has been previously set, a

quality aberration occurrence signal is output. In this case, a‘quality aberration occurrence signal is

output when the number of occurrences of high value generation signals is 2 or greater. ;

{0021} Consequently, when quality inspection is carried out with a quality inspection device unit 100
“constituted as-indicated in (b), the signal from the AE sensor 10 is removed and rectified, and its
‘amplitude is obtained. When the signal amplitude from the AE sensor M) exceeds the aberration.

decision standard value two or more times, notification of an occurrence of quality aberration is made.

{0022} In addition, in this case, the pulse counting processor 104 transmits the number of high value -

generation signals to the notification means 110 in addition to the aforementioned quality aberration

generation signal. The notification means 110 should be constituted in such a manner that notification

‘is made regarding the .occurrence of quality aberration, and the .degree of quality aberration in’

accordance with the number of high value generation signals. For example, the device may-be

-constituted so that the number of high value generations -itself is made known, but in this case,

notification indicating “slight” in regard to the degree of aberration is‘made when the number is 2 or-

3, notification indicating “moderate” is made when the number is 4 or 5, and notification indicating
“high”.is made when the number is 6 or greater. o po ' B

{0023} The quality inspection device unit 100 shown in (c) is expanded upon by adding a peak

detector 107 to the quality inspection device presented in (a). Output from the absolute value
~processor 101 and output from the comparative processor 103 is input into the peak value detector

-107, and this is linked to the notification means 110. When the aforementioned high value generation
- -signal is output from the aforementioned comparative processor 103, the peak value detector 107 -

retains the peak value of the output of the absolute value processor 101 at this time, and outputs this
value to the aforementioned notification means 110. » _
- {0024} Thus, the notification means 110 reports the degree of quality aberration based on the
aforementionéd peak value in addition to reporting the*occurrence of quality aberration. For example,
the magnitude- of the peak value itself may be reported, but in this case, notification of a “high”, -
“‘moderate” or “low” determination is made in regard to' the degree of aberration based on the -
© .magnitude of the peak value. : ce

- - {0025} When:quality inspection is carried out using the quality inspection device unit 100 constituted

~ as indicated in (c), the signal from the AE sensor 10 is rectified after removing the direct current
- component, and the amplitude is obtained. When the signal amplitude of the AE sensor 10 exceeds the
-aberration decision standard value Th1, sound or display is used in order to present an indication of an
+ occurrence of aberration and the degree of quality aberration based on the peak value of the AE sensor
- signal amplitude at the time of occurrence of said quality aberration. ' : o
* {0026} The quality inspection device unit 100 shown in (d) is a unit in which an envelope detector
106 is also included between'the absolute value processor 101 and the comparative processor 103 in
the quality inspection device presented in (a), and a pulse width discriminator 108 is also provided
. between the comparative processor 103 and the notification means 110. The aforementioned envelope
detector 106 outputs an envelope signal linking each of the maximum values of the output signals of -
the absolute value processor 101, and this is transmitted to the comparative processor 103. The
;. comparative processor 103 outputs a high value generation signal to the notification means 110 when
the output of the envelope detector 106 is larger than the aforementioned aberration decision standard
. value Th1. The pulse width discriminator 108 transmits an indication of an aberration occurrence and
the length of time for the aforementioned high value generation to the notification means 110 when
the time of the aforementioned high value generati n signal is longer than a determined time period.
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{0027} Thus, the notification means 110 performs notification of a quality aberration occurrence and
degree of quality aberration based on the length of the aforementioned high value generation signal.
For example, notification may be made as to the length of the aforementioned high value generation
signal itself, but in this case, notification is made as to the results of determination based on “high”,
“moderate” or “low” in regard to the degree of aberration determined based on the length of the
aforementioned high value generation signal period.
{0028} When quality inspection is carried out with the quality inspection device unit 100 constituted
as shown in (d), the direct current component is removed from the AE sensor 100 signal, and the time
for which the envelope intensity of the rectified signal exceeds the aberration decision standard value
is calculated. If said time is longer than the determined time period, then sound or display is used in
order to make a notification regarding quality aberration and the degree of quality - aberration .
_ determined based on the time that the. envelope intensity exceeded the aberration decision standard
value Th1l, e : ' o ¢ o
{0029} Figure 3 presents a schematic diagram in which the signal waveform for each of the
processors is shown in common for Figure 2a, 2b and 2c. Specifically, Figure 3 shows the waveforms -
outputs at each part of the quality inspection device unit 100 when a quality aberration has occurred at
the .connection 31b during tube expansion, for the quality inspection system shown in Figure. 1,
whereas (a) shows the output signal for the AE sensor 10, (b) shows the output signal for the absolute : .
value processor 101, and (c) shows the output value for the comparative processor 103. S
{0030} The waveform shown in (a) will be described in sequence. When the tube expansion process -
is initiated with advancement of the tube expansion mandrel 20 at time to, vibrations are generated via
acoustic emission (AE) arising due to:plastic deformation; etc., occurring with tube expansion and -
vibrations are generated due to friction.between the long tube 30 and the tube expansion mandrel 10 -
as advancement occurs (these vibrations are referred to 'in combination as “tube expansion
vibrations”). When there is no abemation in quality, the ‘tube expansion vibrations give a
comparatively weak elastic wave. Consequently, for the period extending from time t; to time t,
during tube expansion of the steel tube 30a, a signal waveform having a:- comparatively small -
amplitude is output by the AE sensor 10.
{0031} Next, during the period from time t, to time t, in which tube expansion’ of the ‘weld 31a:
occurs, said weld region 31a has been welded by mechanical joining, diffusion welding or welding, so -
its hardness is higher than that of the steel tube 30a. As a result, the progress of the tube expansion -

mandre! 20 slows, and the aforementioned tube expansion vibrations give vibrations of even weaker:. - -

amplitude. At this time, the AE sensor 10 outputs a signal waveform for vibrations that are smaller -
from time t, to time t;. During the time from t, to t3 in which-the steel tube 30b expands, the AE

sensor 10 outputs a signal waveform with a comparatively weak amplitude as with the time period
-from time t, to t; described above. v LT : : , .
- {0032} When there is a crack generated during tube -expansion of the connection 31b, the energy -
emanates from the crack, and an elastic wave with a comparatively large amplitude is produced. The
tube expansion vibrations that include said elastic waves are detected by the AE sensor 10, and during
the period from time t; to time t,, a signal waveform with a comparatively large amplitude is output.

Subsequently, as shown in the figure, the AE sensor 10 outputs a signal waveform that has a

comparatively small amplitude from time t, to time t during tube expansion of the steel tube 31¢ as -
shown in the figure. Then a signal waveform with an even smaller amplitude is output from time ts to

time t; during expansion of the next weld region thereof not shown in-the figure. ' :
{0033} Meanwhile, the output waveform from the absolute value processor 101 is the absolute value.
conversion determined after removing the direct current component of the AE sensor output shown in
(a), thus producing the waveform shown in (b). In addition, the comparative processor 103 compares
the output signal from the aforementioned absolute value processor.101 with the aberration decision
standard value TH]1 set as described above, and a “Hi” signal is output when the value is larger than
said standard value TH1, whereas a “Lo” signal is output when said value is smaller than said
standard value.

{0034} Consequently, when the output signal of the absolute value processor 101 shown in ®) is
input, the comparative processor 103 outputs the waveform shown in (c). During the time from time t,
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to time t;, the output remains “Lo” because there is no input from the absolute value processor 101
that is higher than the aforementioned aberration decision standard value TH1. Next, because a crack
is generated in the time period from time t; to t,, a signal having an amplitude that is larger than the
aforementioned aberration decision standard value TH, as shown in (b) is input, and pulses P1 to P3
are output during the time period from time t; to t, in (c). Subsequently, there is no output that is larger
than the aforementioned standard value TH1 during the time period from time t, to t, and so the value
remains “Lo”. :
{0035} With the respective quality inspection device units 100 having the constitutions described in
- (a)~(c)of Figure 2, the following types of processes are carried out based on the output signals shown
in (a)-(c) of Figure 3. With the quality inspection device unit 100 shown in Figure 2(a), a “Hi”pulse is
output from the comparative processor 103, and an aberration generation signal is output- to the
notification device 110, so that notification of an occumrence of an aberration is made by the
notification means 110. ¢
{0036} With the quality inspection device unit 100 shown in Figure 2(b), the number of pulses output
from the comparative processor 103 is 3, and because this corresponds to 2 or more occurrences, -
notification is made regarding an indication of quality aberration. In addition, notification is also made
regarding the degree of quality aberration corresponding to a pulse number of three for the high value
signals. , : _ '
{0037} In the quality inspection device unit 100 shown in Figure 2(c), the peak value detector 107
produces three outputs of “Hi” signals from the comparative processor 103, and so peak values PK1
- through PK3 of the absolute value processor 101 output are detected during the pulse generation time.
Consequently, an aberration occurrence signal and signals representing the peak values PK1 to PK3°
are sent to the notification means 110. The notification means 110 then makes notification, via sound
or display, of the occurrence of quality aberration, and the degree of the quality aberration
corresponding to the aforementioned peak values PK1 through PK3. _
{0038} Figure 4 is a diagram that presents a schematic representation of the signal waveforms for
each of the processors in Figure 2(d). Figure 4, specifically, represents the waveform output at each of
the parts of the quality inspection device unit 100 when there is a quality aberration at the connection
31b during tube expansion carried out by the quality inspection system presented in Figure 1, whereas
(a) represents the output signal of the AE sensor 10, where this waveform is similar to that if Figure
3(a). Here, (b) represents the output signal of the absolute value processor 101, where this waveform
is similar to that of Figure 3(b), and (c) represents the output waveform of the envelope detector 106.
{0039} The quality inspection device unit 100 having the constitution of (d) in Figure 2 detects
quality aberration in the following manner based on the signals presented in Figure 4. The variation in
envelope intensity is determined by the pulse. width determination part 108 and the comparative -
processor 103, and when the time during which said envelope intensity is greater than the
aforementioned aberration decision standard value Th1 (time over which.the ‘comparative processor:
103 outputs the aforementioned high value generation signal; represented by T in the figure) is longer
than the predetermined time, an aberration'generation signal and a signal that transmits the
aforementioned time T is sent to the notification means 110. The notification means 110 then makes a
notification, via sound or display, as to the occurrence of quality aberration, and the degree of quality
aberration corresponding to the aforementioned time period T. . :
{0040} Figure 5 is a control block diagram showing a processing system example that is different
from the steel tube quality inspection device presented in Figures 2(a)-(d). The AE sensor 10 is
attached to the aforementioned long tube 30; and surface vibrations from the long tube 30 are
converted to signals that are output. The absolute value processor 101 removes the direct current
component of the AE sensor 10 output signal, and outputs the absolute value of the resulting signal to
the amplification processor 105 and envelope detector 106. o :
{0041} The amplification processor 105 is the part that amplifies the absolute value processor 101 -
output, and in order to correct for attenuation of the elastic waves reaching the AE sensor at this time,
said level of amplification is made such that it is inversely proportional to said envelope intensity at
any give time t, based on the output of the envelope detector 106. Consequently, the level of



Japanese Unexamined Patent Applic.ation Publication 2000-162192

amplification at inspection time ts is set at As/At using, as reference, the intensity As of the envelope
at time ts during the initial tube expansion period.

{0042} The envelope detector 106 outputs a signal produced by carrying out specified processing on
the envelope that links each maximum of the output signals from the absolute value processor 101,
and this signal is transmitted to the amplification processor 105. As described in detail below, when
no aberrations are being generated during tube expansion of the main steel tube bodies 30a, 30b,
30c..., the envelope is processed taking the amplitude of the AE sensor output as an index of the
aforementioned amplification level correction. The result is output to the amplification processor 105,
{0043} The aberration decision standard value setting part 102 is the part whereby the aberration
decision standard value Th2 is set, which is the threshold value for determining the magnitude of the
output signal amplitudes from the amplification processor 105. The aberration decision standard value
setting part 102 automatically is set to a value found by multiplying the amplitude As of the output
from the envelope detector 106 at time ts during the initial period of the tabe expansion process of
said long tube 30 by a predetermined constant k, (where k, > 1). - :
{0044} The aforementioned comparative processor 103 compares the signal input from the
amplification processor 105 with the aforementioned aberration decision standard value Th2, and
outputs a high value gencration signal when' the ‘signal-of the amplification processor 105 is greater
- than the aberration decision standard value Th2. The notification means 110 notifies the operator via
sound or ‘display as to the occurrence of quality aberration when the aforementioned high value
generation signal has been input, S ,

~ {0045} Figure 6 and Figure 7 are waveform diagrams that give a schematic presentation of the outputs -
of each of the constitutive processors shown in Figure 5. Specifically, the figures are output waveform
diagrams for each of the constitutive processors shown in Figure 5 when cracks occur in the
connection 32b along with tube expansion of a long tube 30 having the constitution shown in Figure
1.

{0046} The signal shown in Figure 6(a) is produced by conversion of the vibrations from the long
tube into signals by the AE sensor 10. This waveform is the same as the waveform shown in Figure
3(a) and varies similarly. Specifically, an amplitude signal that is comparatively small is output from
time -ty to time t; as tube expansion of the steel tube 30a is occurring, whereas ‘ani amplitude signal
waveform that is smaller than the waveform from time to to time t; is output over the time period from -
time t to time t, during which tube expansion of the weld region 312 occurs. ,

. {0047} Subsequently, over the time period from time t, to time t; during which tube expansion of the

. .steel tube .30b occurs, the AE sensor 10 outputs a signal waveform with an amplitude that is.-

comparatively weak, as with the waveform output over the time period from t, to t, above. During the :
period from time t; to ty during which cracking occurs during tube expansion in the connection 31b, a -

. c signal waveform with a comparatively large ‘amplitude is output. Subsequently, a signal waveform °
.. with a comparatively small amplitude is. output over the period from time t, to t; during which tube
... expansion of the tube 30c occurs. A signal waveform with a small amplitude is again output over the

" time period from time ts to ts during which the subsequent weld region is undergoing tube expansion

- . (not shown in the figure).

. {0048) The waveform shown in Figure 6(b) is the output signal from the absolute value processor
101, and results from removing the direct current component of the output signal from the AE sensor
.- 10, and performing absolute value conversion. The waveform represented by the solid line in Figure
“6(c) is the output signal from the envelope detector 106, and is produced as a result of processing the
. envelope from the outputs of the absolute value processor 101 in the manner described below.

{004_9} Specifically, the periods from time t; to time t,, time t; to time t,, and time ts to time tq, are
times when tube expansion is occurring in weld regions 31a, 31b, 31c... of the long tube, or times
~ when aberrations are occurring. The envelopes for these times produce the waveforms represented by

the broken lines in Figure.6(c), but the waveforms represented by said broken lines are not output in

' these time periods. Rather, values interpolated from the change in envelope intensity at a time before,

after, or before and.after (represented by the solid lines in the figure) are output as the envelope
intensity At for said time points. R
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{0050} For example, when the difference or ratio of the actual calculated value and the predicted -
value determined from ‘the change in the envelope using the aforementioned standard exceeds a
predetermined range, said predicted value is used instead of said actual value. Thus, the envelope
intensities during tube expansion in the weld regions and during quality aberration will be far outside
the values predicted from the transition of the envelope intensity during tube expansion of the main
body of the steel tube, and so the aforementioned predicted values are used instead of the envelope
intensity at these times. :

{0051} Figure 7(a) shows the output signal from the amplification processor 105. With regard to the
output, the amplification processor 105 amplifies the signal shown in Figure 6(b) that is output by the’
absolute value processor 101 by a degree of amplification that is inversely proportional to the intensity
of the envelope detector output represented by the solid line in Figure 6(c) in order to correct for
damping of the elastic waves reaching the AE sensor. As is seen in the figure, the degree of
amplification of the signal from the absolute value processor 101 is increased by the amplification
processor 105 in accordance with the distance of the AE sensor from the site of tube expansion. An
output is thus made after correcting for damping of the elastic waves produced by tube expansion.
{0052} Figure 7(b) shows the output signal from the comparative processor '103. The comparative
processor 103 outputs a “Hi” signal when the output of the amplification processor exceeds the
aforementioned aberration decision standard value Th2, and thus outputs pulse signals P1 to P3

_ which are high value generation signals during the period from time t3 to t4. The notification means

110 receives said high value generation signals, and uses sound or display to make a notification as to
the occurrence of quality aberration. } '

{0053} In addition, a pulse counting processor is provided between the aforementioned comparative
circuit part 103 [sic] and the aforementioned notification means 110, whereby the number of the:
aforementioned high value generation signals from the comparative processor 103 is counted. This
number is then transmitted to the notification means 110. The notification means 110, thus renders
notification regarding the occurrence of quality aberration and the degree of quality aberration based
on the number of the high value generation signals. '

{0054) Meanwhile, a peak value detector is provided that detects the maximum value for the
amplification circuit output immediately afier the point when the high value generation signal is
output from the aforementioned comparative circuit 103. The notification means 110 thus. renders -
notification as to the occurrence of quality aberration, and the degree of quality aberration based on
the magnitude of said peak value. : ’ ‘ ‘

. {0055} Figure 8 is an output waveform diagram for each of the processors wﬁen cracking occurs"A

during actual tube expansion of the steel tube. Specifically, the figure is an output waveform diagram

 when quality inspection is actually being carried out according to the present invention using the

configuration described in Figure 1 and Figure 2(a). In (a), the high-amplitude output waveforms'
occurring approximately at times t,, t, and t; are generated due to the occurrence of cracking at these’
time points, : : Co -

{0056} As is clear from the figures, when the aforementioned aberration decisidn standard value Thl ~

is set to 5x the value of the amplitude As of the AE sensor at time ts in the initial period of tube
expansion using the aforementioned aberration decision standard value setting part 102, the
comparative processor 103, as shown in (b) generates pulse signals which are the aforementioned high
value generation signals, the first being close to time t,, the second being close to time t, and the third
being close to time t;. Consequently, the notification means sends notification of aberration
occurrences at these time points t;, t, and t;. :

'{0057) The present invention is not restricted by the emi:odiments described above, and various

modifications are possible within a range that does not exceed the scope of the invention. For

- example, it goes without saying that the steel tube that is the subject of inspection is not restricted to

onc that has weld regions. The site of attachment of the AE sensor is also not restricted to the side
surface of the tube, as the sensor may be attached at the end surface. In the embodiments described
above, the tube expansion mandrel had a tapered region, but mandrels are not restricted to this type. -
For example, a tube expansion mandrel can be used that has xpanding diameter rollers present on the
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- outer surface of the mandrel, so that the internal wall of the steel tube is pressed outwards in a radial

_ direction by means of said expanding diameter rollers.
{0058} On the other hand, regarding setting of the aforementioned aberration decision standard value, -
modes are not restricted to the pr cess represented in the embodiment, and the value may be set to a
value that is between the amplitude of the signal determined when normal tube expansion is occurring
and the amplitude of the signal determined when quality aberration occurs. In addition, in the -
aforementioned embodiment, processing performed by analog signal processors can be carried out by
means of digital signal processing. For example, an A/D converter can be provided after the absolute
value processor 101 or the amplification processor 105 so that their outputs are converted to digital -
signals, which are then subjected to digital signal processing for subsequent processes. 4 ’
{0059} : : - : .
{Effects of the Invention} By means of the quality inspection method used during tube expansion °
described in Claim 1 of the present invention, as tube expansion occurs with movement of the tube
expansion mandrel, vibrations are generated at the site of tube expansion. When quality aberrations - -

- -are generated in the steel tube, the AE sensor signal amplitude increases relative to the amplitude at

. previous and subsequent time points. By employing this increase, the invention has the merit of - -~ -

allowing determination regarding ari occurrence of:.quality aberration. as tube expansion ‘occurs
without installing special irradiation devices or drive devices for quality inspection. -

i {0060} In-addition, vibrations generated by tube expansion and by movement of the tube expansion

device are transmitted through the steel tube to an AE sensor that is at a location distant from the site

where tube expansion is occurring, so ‘that it is possible to perform quality inspection during tube
-expansion with the inspection device itself fixed at a specific location. In addition, there is also the
merit that quality inspection can be carried out as the long steel tube is undergoing ‘expansion.

* Because the rate of transmission of said vibrations is extremely fast, when quality aberrations such as '

cracking occur during tube expansion, it is possible to detect the occurrence of quality aberration and

.. the degree of quality aberration nearly simultaneous to its occurrence.

{0061} Moreover, with the quality inspection method used during tube expansion described in Claim

. 2, in addition to the merits of the quality inspection method described in Claim 1, there is the merit -
that the degree of quality aberration can be determined simultaneous to the quality aberration with the
inspection device itself fixed at a determined location, without requiring the use of special drive
devices or irradiation devices for quality inspection, _ ‘

{0062} Moreover, with the quality inspection method used during tube expansion described in Claim )

- 3, the degree of amplification of the AE sensor is increased in accordarice with a continual decreasein -

AE sensor signal amplitude, or the degree of amplification of the AE sensor signal is decreased in
accordance with a continual increase in AE sensor amplitude. By this means, damping of the elastic -
. Waves generated due to tube expansion occurring during the time it takes them to reach the AE sensor
. can be compensated for with high precision, so that-it, is possible: to increase the reliability and
accuracy of processing carried out using said AE sensor signal. : .
{0063} For example, as the tube expansion mandrel becomes increasingly distant from the AE sensor,
. the decrease.in AE sensor signal is compensated for, and thus even with long steel tubes, it is possible
" to determine the occurrence of quality aberration and the degree of quality aberration with a high level )
of accuracy. Moreover, because stable determination of the occurrence. of quality aberration and the
degree of quality aberration is possible with little fluctuation in AE sensor signal amplitude due to
change in transmission distance, a quality inspection method for use during tube expansion is
provided that increases the reliability of these determinations.
{Brief Description of the Figures}) L » .o :
~ {Figure 1} Schematic constitutional diagram that presents a summary of the quality inspection method
during tube expansion of steel tubes pertaining to the present invention. - .
. {Figure 2} Control block diagram showing an example of the signal:processing system for the steel
. tube quality inspection device used in the present invention. .
. {Figure 3} Diagram giving a schematic presentation of the signal waveforms for each of the
processors of Figure 2(a), (b) and (c), where (a) is the waveform diagram of the output signal from the
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AE sens r, (b) is the waveform diagram of the output signal from the absolute value processor and (c)
is the waveform diagram of the utput signal from the comparative processor. '

{Figure 4} Diagram giving a schematic presentation of the signal waveforms for each of the
pr cessors for Figure 2(d), where (a) is the waveform diagram of the output signal from the AE
sensor, (b) is the waveform diagram of the output signal from the absolute value processor and (c) is
the waveform diagram of the output signal from the envelope detector.

{Figure 5} Control block diagram showing an example of a processing system other than that of the
steel tube quality inspection device presented in Figure 2(a)~(d). ‘

{Figure 6} Waveform diagrams giving a schematic presentation of the outputs of the constitutive
processors for the steel tube quality inspection device shown in Figure 5, where (a) is the waveform
diagram of the output signal from the AE sensor, (b) is the waveform diagram of the output signal
from the absolute value processor and (c)is the waveform diagram of the output signal from the
envelope detector. - : ' R ¢ - :

{Figure 7} Waveform diagrams giving a schematic presentation of the outputs of the constitutive

processors for the steel tube quality inspection device shown in Figure 5, where (a) is the waveform
diagram of the output signal from the amplification processor and (b) is the waveform diagram of the -

- {Figure 8} Waveform diagrams for the various processors when cracking occurs during actual tube
expansion of a steel tube, where (a) is the output waveform diagram from the absolute value processor-
amplification processor and (b) is the output wave‘form diagram from the comparative processor.

{Key} .
10 AE sensor
20 Tube expansion mandrel
30 Long tube
30a, 30b, 30c... Steel tubes-
31a, 31b...Weld regions
100 Quality inspection device unit
101 . Absolute value processor . v
102 Aberration decision standard value setting part
103 Comparative processor :
- 104 Pulse calculator
105  Amplification processor
106 . Envelope detector
107 .. Peak value detector
108 Pulse width determination part -
110 - Notification means
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(54) {Title of the Invention} Quality Inspection Method for Use During Tube Expansion

(57) {Summary}

{Problem) :

To offer a quality inspection method for expanded tubes whereby the occurrence of quality aberration
or the degree of quality aberration can be determined at the time of expansion of the steel tube, and
whereby remote observation is possible. ~

{Solution} An AE sensor 10, which detects steel tube vibrations during tube expansion occurring as a
tube expansion mandrel 20 moves through. the interior of a steel tube 30, is situated against the steel
tube. Increases in the AE sensor signal amplitude, the number of increases in the AE sensor signal
amplitude or the time over which the increase in AE sensor signal amplitude occurs is detected, and
the occurrence of quality aberration or the degree of quality aberration in the aforementioned steel
_tube is determined on the basis of the detected signals.
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{see source for diagram]

{Scope of Patent Claims}
{Claim 1} A quality inspection method for use during tube expansion, characterized in that an AE
sensor for detecting vibrations in a steel tube during tube expansion of said steel tube is situated
against the steel tube, and when tube expansion occurs as a tube expansion mandrel moves through
the interior of the steel tube, increases in the AE sensor signal amplitude, the number of increases in
the AE sensor signal amplitude or the time over which the increase in AE sensor signal amplitude
occurs is detected, and the occurrence of quality aberration in the aforementioned steel tube is
determined on the basis of the detected signals. :
{Claim 2} The quality inspection method for use during tube expansion according to Claim 1,
characterized in that the degree of the quality aberration in the steel tube is determined based on the
magnitude of the AE sensor signal amplitude, the number of increases in AE sensor signal amplitude
or the time of increase in AE sensor signal amplitude.
{Claim 3} The quality inspection method for use during tube expansion described in Claim 1 or 2,
characterized in that the AE sensor signal that is detected during tube expansion is amplified as a tube -
expansion mandrel moves through the interior of a steel tube, and the level of the aforementioned
amplification is increased in accordance with a continual decrease in AE sensor signal amplitude, or
the level of the aforementioned amplification is decreased in accordance with a continual increase in
AE sensor amplitude. ¢
{Detailed Description of the Invention}
{0001}
{Technological Field of the Invention} The present invention relates to a quality inspection method
used during tube expansion. In particular, the invention is a quality inspection method used during
tube expansion that is appropriate for inspecting quality aberrations such as cracking or pinholes
generated in the joints of long steel tubes, etc., during the expansion of steel tubes. '
{0002}
{Prior Art} In the past, the tube expansion of long tubes formed from steel has been carried out using
tube expansion mandrels. As shown in Figure 1, this process involves the insertion of a tube
expansion mandrel 20 into one of the open ends of a long tube 30, applying a specified weight P in
order to insert the tube expansion mandrel 20 into the long tube 30, and pushing the mandrel across
_ the inner wall of the long tube 30 towards the other end, thus performing tube expansion.
{0003} However, there are cases where quality aberrations such as cracks are produced in steel tubes
during the tube expansion process. In particular, with tube expansion in steel tubes having mechanical
joints or welded regions produced by welding or diffusion welding, quality aberrations readily occur
in welded regions. In order to detect these quality aberrations, non-destructive inspections have been
traditionally carried out. For example, ultrasonic defect diagnostic methods have been used wherein
ultrasound is made to impinge upon the body to be inspected, and internal defects are found based on
differences in reflected waves at end surfaces and defect surfaces. In addition, x-ray defect diagnostic
methods have been used in which x-rays are made to impinge upon the body to be inspected, and the
transmitted radiation is then used to sensitize film, so that the defects can be detected from the
photosensitive image thereupon.
{0004} However, in carrying out these inspection methods, there is the problem that at least part of
the detection device must be positioned in the region that is to be inspected, and this creates problems
that are exacerbated as the length of the tube increases. In addition, there is the problem these
inspection methods cannot be carried out on-site during the tube expansion operation, so they must be
carried out after completion of tube expansion, at least in the region that is to be inspected.
Specifically, with conventional inspection methods, inspection must be carried out with at least part of
the inspection device located in the region to be inspected after completion of tube expansion.
{0005} On the other hand, when installing oil well pipes for drawing oil, etc., out of the ground,
technologies are known in which tube expansion is carried out by inserting a steel tube with a
comparatively small diameter into the ground, and then inserting a tube expansion mandrel, etc., using
high downward compressive force, which thereby reduces equipment installation costs. In order to
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inspect 'expanded steel tubes using this conventional method, it is difficult to situate the inspection
device at the outer wall surface of the steel tube, and is also difficult to move the inspection device in
the lengthwise direction along the outer wall of the steel tube because the tube has been laid
underground. Consequently, it has been necessary to inspect the tube by moving the inspection device
long the interior of the steel tube. However, the tube diameter is small even after tube expansion, and
the total length of the tube can be as long as several kilometers, so there have been extremely difficult .
" problems with quality aberration-inspection over the entire length of a steel tube using conventional

. methods. , :
{0006} v : :
- {Problems to be Solved by the Invention} The problem to be solved by the present invention is that of
- offering a quality inspection method used at the time of tube expansion, whereby quality aberrations in
steel tubes can be evaluated with the inspection device in a stationary condition during the tube -
expansion process for the steel tube, whereby an occurrence or degree of quality aberration can be
- determined at a site. that is removed from the quality inspection device, and whereby quality
aberrations in said steel tube can be detected almost simultaneous to their occurrence.

0007 :
EMean}s for Solving the Problems} The gist of the present invention used in order to solve these
problems relates to a quality inspection method used during tube: expansion wherein an AE sensor for
detecting vibrations in a steel tube during tube expansion of said steel tube is situated against the steel
tube, and when tube expansion occurs as a tube expansion mandrel moves through the interior of the
steel tube, increases in the AE sensor signal amplitude, the number of increases in the AE sensor
signal amplitude, or the time over which the increase in AE sensor signal amplitude occurs is detected, - .
and the occurrence of quality aberration in the aforementioned steel tube is determined on the basis of
~ the detected signals. - : : :
. {0008} By means of the quality inspection method used during tube expansion pertaining to the
* present invention carried out in this manner, vibrations arising on the interior of a steel tube and on the -
surface of a steel tube during tube expansion occurring as a tube expansion mandrel passes through
the interior of a steel tube are detected by an AE sensor situated on the steel tube, and quality
aberration is judged to have occurred when an increase amplitude of the aforementioned AE sensor
signal is detected, when the number of increases in amplitude of the aforementioned AE sensor signal -
reaches a predetermined number, or when the time over which the increase in amplitude of the
aforementioned AE sensor signal occurs is longer than a predetermined time. 4
{0009} In addition, as with the invention described in Claim 2, when the degree of quality aberration
.of the aforementioned steel tube is to be judged based on the magnitude of the increase in AE sensor
signal amplitude, the number of increases of AE sensor signal amplitude, or the time of the increase in - -
. AE sensor signal amplitude,-detected at the time when the aforementioned quality aberration is

determined, the degree of the’ quality aberration of the aforementioned steel tube can be determined -

.. based on the magnitude of the aforementioned AE sensor signal amplitude, the number of increases in
. the aforementioned AE sensor signal amplitude, or time over which the amplitude of the AE sensor
_ signal has increased. : S : - '
{0010} In addition, as pertains to the invention of Claim 3, the AE sensor signal detected during tube
expansion is amplified at the time of tube expansion as the tube expansion mandrel moves long the
interior of the steel tube, and the degree of the aforementioned amplification is increased along with a
continual decrease in AE sensor signal amplitude, or the degree of the aforementioned amplification is
decreased in accordance with a continual increase in AE sensor amplitude.
{0011} With the quality inspection method used during tube expansion described in Claim 3 of the
- present invention carried out in this manner, the AE sensor signal detected during tube expansion as
the tube expansion mandrel moves along the interior of the steel tube is amplified, and as the damping
of vibrations gencrated by the tube as they are conducted to the AE sensor increases, the degree of the
-~ aforementioned amplification is increased, or as the aforementioned damping decreases, the degree of
the aforementioned amplification is decreased. By this means, damping occurring with transmission of
the vibrations generated by tube expansion to the AE sensor is compensated for, and quality
inspection is carried out based on said corrected AE sensor signal. ‘
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{0012} Employing the change in degree of amplification in accordance with a continual increase or
continual decrease in output amplitude from the AE sensor means that the change in tube expansion
amplitude in a region in which the utput amplitude of the relatively stable AE sensor changes -
continually is taken as a reference. For example, this means that the aforementioned amplification
level is not made to-follow discontinuous change in amplitude, as with changes in AE sensor signal
amplitude produced during the occurrence of aberration. By excluding these regions of discontinuous
change in this manner, correction is carried out based on the change in AE sensor signal amplitude, so
that even if the AE signal amplitude increases or decreases over time during the observation period
over which quality aberrations, etc. are generated, the attenuation can be appropriately corrected for
without erroneous correction. '

{0013} .

{Embodiments of the Invention} Desirable embodiments of the present invention are described in
detail below in reference to the figures. Figure 1 is a.schematic constitutional diagram used for -
schematically presenting ‘the quality inspection method used during tube expansion of steel tubes
pertaining to the present invention. A long tube 30 is shown in cross section. Said long tube 30 is a
tube produced by welding relatively short steel tubes 30a, 30b, 30c... at weld regions 31a, 31b...Inthe
figure, only three steel tubes are shown, but these tubes continue downwards. : o :
{0014} The tube expansion mandrel 20 has a cylindrical part and a tapered part as shown in the
figures, and a load P is applied from behind (upwards in the figure). As the mandre] travels forward
(downwards in the figure), the interior wall of the long tube is pressed outwards in a radial direction
due to the aforementioned tapered part, thus expanding the aforementioned long tube 30. The AE '
sensor 10 is situated in contact with the outer wall of the long tube, and the vibrations at said outer
surface are converted into signals as the aforementioned tube expansion is taking place. Said signals
are output to an inspection device main unit 100 to which it is connécted.

{0015} Figure 2 is a control block diagram showing an example of the signal processing structure in
the quality inspection device implemented in the present invention. In the quality inspection device -
- main unit 100 shown in (a), the AE sensor 10 is connected to an absolute value processor 101, and the
absolute value processor 101 is connected to a comparative processor 103.. An aberration decision
standard value setting part 102 is also connected with the comparative processor 103, and the
comparative processor 103 is connected to a notification means 110.

{0016} The aforementioned absolute value processor 101 removes the direct current component of the
output signal from the AE sensor 10, and outputs signals that have been converted into absolute
values. The aforementioned aberration decision standard value setting part 102 is the part where the
aberration decision standard value Th1 is set, which is the threshold value for determining the size of -
the signal amplitude from the AE sensor 10. The aberration decision standard value Thi should be set
~ at a value that is between the AE sensor signal amplitude when tube expansion is occurring without
aberration, and the AE sensor signal amplitude when quality aberrations occur. ;
{0017} For example, the operator uses a standard value setting knob that is provided in order to set _'
the aberration decision standard value obtained experimentally beforehand in accordance with the type -
of steel tube that is the subject of tube expansion. In this case, the value is automatically set to a value
determined by multiplying the AE sensor signal amplitude As at time ts in the initial stage in which
the tube expansion process is initially occurring in said long tube 30 by a constant k, that has been
determined beforehand (where k, > 1). ‘ .
{0018} The aforementioned comparative processor 103 compares the signal input from the absolute
value processor 101 with the aforementioned aberration decision standard value Thl, and when the
" signal from the absolute value processor 101 exceeds the aberration decision standard value Thl, a
high-value generation signal is output. When the aforementioned high value generation signal is inpirt
into the notification means 110, a quality aberration is judged to have occurred, and an indication of
this occurrence is sent to the operator by a tone or display.

{0019} In this manner, when quality inspection is to be carried out by the quality inspection device
main unit 100 constituted in the manner shown in (a), the direct current component is taken from the
signal from the AE sensor 10, and is rectified to obtain an amplitude. When the signal amplitude from
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the AE sensor 10 exceeds the aberration decision standard value, a notification is made regarding the
occurrence of aberration.
{0020} The quality inspection device unit 100 shown in (b), as can be seen from the figure, has a
pulse counting processor 104 between the notification means 110 and the comparative processor 103
constituting the quality inspection device shown in (a) above. The pulse ¢ unting process r 104 is
connected to the comparative processor 103 and the notification means 110. The number of the
aforementioned high value generation signals received from the comparative processor 103 .is
calculated, and when this number reaches or surpasses the number that has been previously set, a
quality aberration occurrence signal is output. In this case, a quality aberration occurrence signal is
output when the number of occurrences of high value generation signals is 2 or greater.
{0021} Consequently, when quality inspection is carried out with a quality inspection device unit 100
constituted as indicated in (b), the signal from the AE sensor 10 is removed and rectified, and its
amplitude is obtained. When the signal amplitude from the AE sensor H) exceeds the aberration
decision standard value two or more times, notification of an occurrence of quality aberration is made.
{0022} In addition, in this case, the pulsc counting processor 104 transmits the number of high value
- generation signals to the notification means 110 in addition to the aforementioned quality aberration
generation signal. The notification means 110 should be constituted in such 2 manner that notification
is made regarding the occurrence of quality aberration, and the degree of quality aberration in
-accordance with the number of high value generation signals. For example, the device may be
constituted so that the number of high value generations itself is made known, but in this case,
notification indicating “slight” in regard to the degree of aberration is made when the number is 2 or
3, notification indicating “moderate” is made when the number is 4 or 5, and notification indicating
“high” is made when the number is 6 or greater. :
{0023} The quality inspection device unit 100 shown in (c) is expanded upon by adding a peak
detector 107 to the quality inspection device presented in (a). Output from the absolute value
processor 101 and output from the comparative processor 103 is input into the peak value detector
107, and this is linked to the notification means 110. When the aforementioned high value generation
signal is output from the aforementioned comparative processor 103, the peak value detector 107
retains the peak value of the output of the absolute value processor 101 at this time, and outputs this
" value to the aforementioned notification means 110.
{0024} Thus, the notification means 110 reports the degree of quality aberration based on the
aforementioned peak value in addition to reporting the occurrence of quality aberration. For example,
the magnitude of the.peak value itself may be reported, but in this case, notification of a “high”,
“moderate” or “low” determination is made in regard to the degree: of aberration based on the
magnitude of the peak value.
- {0025} When quality inspection is carried out using the quality inspection device unit 100 constituted
- as indicated in (c), the signal from the AE sensor 10 is rectified after removing the direct current
.component, and the amplitude is obtained.. When the signal amplitude of the AE sensor 10 exceeds the
aberration decision standard value Th1, sound or display is used in order to present an indication of an
occurrence of aberration and the degree of quality aberration based on the peak value of the AE sensor
signal amplitude at the time of occurrence of said quality aberration.
{0026} The quality inspection device unit 100 shown in (d) is a unit in which an envelope detector
106 is also included between the absolute value processor 101 and the comparative processor 103 in
the quality inspection device presented in (a), and a pulse width discriminator 108 is also provided
between the comparative processor 103 and the notification means 110, The aforementioned envelope
detector 106 outputs an envelope signal linking each of the maximum values of the output signals of
the absolute value processor 101, and this is transmitted to the comparative processor 103. The
comparative processor 103 outputs a high value generation signal to the notification means 110 when
the output of the envelope detector 106 is larger than the aforementioned aberration decision standard
value Th1. The pulse width discriminator 108 transmits an indication of an aberration occurrence and
the length of time for the aforementioned high value generation to the notification means 110 when
the time of the aforementioned high value generation signal is longer than a determined time period.
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{0027} Thus, the notification means 110 performs notification of a quality aberration occurrence and
degree of quality aberration based on the length of the aforementioned high value generation signal.
F r example, notification may be made as to the length of the aforemientioned high value generation
signal itself, but in this case, notification is made as to the results of determination based on “high”,
. “moderate” or “low” in regard to the degree of aberration determined based on the length of the
aforementioned high value generation signal period. h
{0028} When quality inspection is carricd out with the quality inspection device unit 100 constituted
- as shown in (d), the direct current component is removed from the AE sensor 100 signal, and the time
for which the envelope intensity of the rectified signal exceeds the aberration decision standard value
- is calculated. If said time is longer than the determined time period, then sound or display is used in
order to make a notification regarding quality aberration and the degree of quality aberration
determined based on the time that the envelope intensity exceeded the abemration decision standard
value Thl. ' e
: {0029} Figure 3 presents a schematic diagram in which the signal waveform for each of the
processors is shown in common for Figure 2a, 2b and 2c. Specifically, Figure 3 shows the waveforms-
* outputs at each part of the quality inspection device unit 100 when a quality aberration has occurred at
the connection 31b during tube expansion, for the quality inspection system shown in Figure 1,
whereas (a) shows the output signal for the AE sensor 10, (b) shows the output signal for the absolute
value processor 101, and (c) shows the output value for the comparative processor 103.
{0030} The waveform shown in (a) will be described in sequence. When the tube expansion process
is initiated with advancement of the tube expansion mandrel 20 at time t,, vibrations are generated via
. acoustic emission (AE) arising due to plastic deformation, etc., occurring with tube expansion and
'+ vibrations are generated due to friction between the long tube 30 and the tube expansion mandrel 10
as advancement occurs (these vibrations are referred to in combination as “tube expansion
vibrations”). When there is no aberration in quality, the tube expansion vibrations _give a
- comparatively weak elastic wave. Consequently, for the period’ extending from time t, to time t
- during ‘tube expansion of the steel tube 30a, a signal waveform having a comparatively small
amplitude is output by the AE sensor 10.
{0031} Next, during the period from time t, to time t, in which tube expanstori of the weld 31a
- occurs, said weld region 31a has been welded by mechanical joining, diffusion welding or welding, so
its hardness is higher than that of the steel tube 30a. As a result, the progress of the tube expansion
“mandre] 20 slows, and the aforementioned tube expansion vibrations give vibrations of even weaker
“amplitude. At this time, the AE sensor 10 outputs a signal waveform for vibrations that are smaller
from time t, to time t;. During the time from t, to t; in which the steel tube 30b expands, the AE"
_-'sensor 10 outputs a signal waveform with a comparatively weak amplitude as with the time period
‘from time t, to t; described above. - _— : S :
{0032} ‘When there is a crack generated during tube expansion of the connection 31b, the energy
- emanates from the crack, and an elastic wave with a'comparatively large amplitude is produced. The"
tube expansion vibrations that include said elastic waves are detected by the AE sensor 10, and during
~the period from time t, to time , 2 signal waveform with a comparatively large amplitide is output.
Subsequently, as shown in the figure, the AE 'sensor 10 outputs a signal waveform that has a
‘comparatively small amplitude from time t, to time ts during tube expansion of the steel tube 31c as ‘
shown in the figure. Then a signal waveform with an even smaller amplitude is output from time ts to
~time ts during expansion of the next weld region thereof not shown in the figure. '
{0033} Meanwhile, the output waveform from the absolute value processor 101 is the absolute value
conversion determined after removing the direct current component of the' AE sensor output shown in
(a), thus producing the waveform shown in (b). In addition, the comparative processor 103 compares
the output signal from the aforementioned absolute value processor 101 with the aberration decision
standard value TH1 set as described above, and a “Hi” signal is output when the value is larger than
said standard value TH1, whereas a “Lo” signal is output when said value is smaller than said
" standard value. : : '
{0034} Consequently, when the output signal of the absolute value processor 101 shown in (b) is
input, the comparative processor 103 outputs the waveform shown in (c). During the time from time t,
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to time t;, the output remains “L " because there is no input from the absolute value processor 101
- that is higher than the aforementioned aberration decision standard value TH1. Next, because a crack
is generated in the time period from time t, to 4, a signal having an amplitude that is larger than the
aforementioned aberration decision standard value TH, as shown in (b) is input, and pulses P1 to P3
are output during the time period from time t; to t, in (c). Subsequently, there is no output that is larger
than the aforementioned standard value TH1 during the time period from time t, to ts, and so the value
remains “Lo”. :
{0035} With the respective quality inspection device units 100 having the constitutions described in
(a)-(c)of Figure 2, the following types of processes are carried out based on the output signals shown
in (a)-(c) of Figure 3. With the quality inspection device unit 100 shown in Figure 2(a), a “Hi” pulse is
. output from the comparative processor 103, and an aberration generation signal is output to the
notification device 110, so that notification of an occurrence of an aberration is made by the
notification means 110. ' ¢ .
{0036} With the quality inspection device unit 100 shown in Figure 2(b), the number of pulses output
- from the comparative processor 103 is 3, and because this corresponds to 2 or more occurrences,
notification is made regarding an indication of quality aberration. In addition, notification is also made
* regarding the degree of quality aberration corresponding to a pulse number of three for the high value
- signals. ’ . . -
{0037} In the quality inspection device usit 100 shown in Figure 2(c), the peak value detector 107
produces three outputs of “Hi” signals from the comparative processor 103, and so peak values PK1
through PK3 of the absolute value processor 101 output are detected during the pulse generation time.
Consequently, an aberration occurrence signal and signals representing the peak values PK1 to PK3
are sent to the notification means 110. The notification means 110 then makes notification, via sound
or display, of the occurrence of quality aberration, and the degree of the quality aberration
- corresponding to the aforementioned peak values PK1 through PK3. ]
{0038} Figure 4 is a diagram that presents a schematic representation of the signal waveforms for
each of the processors in Figure 2(d). Figure 4, specifically, represents the waveform output at each of
the parts of the quality inspection device unit 100 when there is a quality aberration at the connection
31b during tube expansion carried out by the quality inspection system presented in Figure 1, whereas
(a) represents the output signal of the AE sensor 10, where this waveform is similar to that if Figure

3(a). Here, (b) represents the output signal of the absolute value processor 101, where this waveform ’

is similar to that of Figure 3(b), and (c) represents the output waveform of the envelope detector 106.

{0039} The quality inspection device unit 100 having the constitution of (d) in Figure 2 detects - -

quality aberration in the following manner based on the signals presented in Figure 4. The variation in
_ envelope intensity is determined by the pulse width determination part 108 and the comparative
processor 103, and when the time during which said envelope intensity is greater than the
- aforementioned aberration decision standard value Th1 (time over which the comparative processor
103 outputs the aforementioned high value generation signal; represented by T in the figure) is longer
than the predetermined time, an aberration generation signal and a signal that transmits the
aforementioned time T is sent to the notification means 110. The notification means 110 then makes a
notification, via sound or display, as to the occurrence of quality aberration, and the degree of quality
aberration corresponding to the aforementioned time period T. o
{0040) Figure 5 is a control block diagram showing a processing system example that is different
from the steel tube quality inspection device presented in Figures 2(a)-(d). The AE sensor 10 is
attached to the aforementioned long tube 30, and surface vibrations from the Jong tube 30 are
converted to signals that are output. The absolute value processor 101 removes the direct current
. component of the AE sensor 10 output signal, and outputs the absolute value of the resulting signal to
the amplification processor 105 and envelope detector 106. o
{0041} The amplification processor 105 is the part that amplifies the absolute value processor 101
.output, and in order to correct for attenuation of the elastic waves reaching the AE sensor at this time,
said level of amplification is made such that it is inversely proportional to said envelope intensity at
any give time t, based on the output of the envelope detector 106. Consequently, the level of
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amplification at inspection time ts is set at As/At using, as reference, the intensity As of the envelope
at time ts during the initial tube expansion period.
{0042} The envelope detector 106 outputs a signal produced by carrying out specified processing on
the envelope that links each maximum of the output signals from the abs lute value processor 101,
and this signal is transmitted to the amplification processor 105. As described in detail below, when
no aberrations are being generated during tube expansion of the main steel tube bodies 30a, 30b,
30c..., the envelope is processed taking the amplitude of the AE sensor output as an index of the
‘aforementioned amplification level correction. The result is output to the amplification processor 105.
{0043} The aberration decision standard value setting part 102 is the part whereby the aberration
decision standard value Th2 is set, which is the threshold value for determining the magnitude of the -
output signal amplitudes from the amplification processor 105. The aberration decision standard value -
setting part 102 automatically is set to a value found by multiplying the amplitude As of the output
~ from the envelope detector 106 at time ts during the initial period of the tbe expansion process of
said long tube 30 by a predetermined constant k, (where k; > 1). - T
{0044} The aforementioned comparative processor 103 compares the signal input from the
amplification processor 105 with the aforementioned aberration decision standard value Th2, and
outputs a high value generation signal when the signal of the amplification processor:105 is greater
than the aberration decision standard value Th2. The notification means 110 notifies the operator via
- sound or display as to the occurrence of quality aberration when the aforementioned high value -
generation signal has been input. . B . o
{0045} Figure 6 and Figure 7 are waveform diagrams that give a schematic presentation of the outputs
of each of the constitutive processors shown in Figure 5.:Specifically, the figures are output waveform
- diagrams for each of the constitutive processors shown in Figure 5 when cracks occur in the -
connection 32b along with tube expansion of a long tube 30 having the constitution shown in Figure
1. :
{0046} The signal shown in Figure 6(a) is produced by conversion of the vibrations from the long
tube into signals by the AE sensor 10. This waveform is the same as the waveform shown in Figure

. . 3(a) and varies similarly. Specifically, an amplitude signal that is comparatively small is output from -

time t, to time t; as tube expansion of the steel tube 30a is occurring, whereas'an amplitude signal
waveform that is smaller than the waveform from time t, to time t, is output over the time period from -
- time 1, to time t; during which tube expansion of the weld region 31a occurs. : o

i {0047} -Subsequently, over the time period from time t, to time t, during which tube expansion of the -

steel tube 30b occurs, the AE sensor 10 outputs a signal waveform with an amplitude that is
comparatively weak, as with the waveform output over the time period from t, to t; above. During the
period from time t; to t, during which cracking occurs during tube expansion in the connection 31b, a
signal waveform with a comparatively large amplitude is output. Subsequently, a signal waveform
with a comparatively small amplitude is output over the period from time t, to t; during which tube -
. -expansion of the tube 30c occurs. A signal waveform with a small amplitude is again.output over the
-, time period from time ts to ts during which the subsequent weld region is undergoing tube expansion
(not shown in the figure). - - - , ' . : o
{0048} The waveform shown in Figure 6(b) is the output signal from the absolute value processor
101, and results from removing the direct current component of the output signal. from the AE sensor
10, and performing absolute value conversion. The waveform represented by the solid line in Figure
6(c) is the output signal from the envelope detector 106, and is produced as a result of processing the
envelope from the outputs of the absolute value processor 101 in the manner described below. .
{0049} Specifically, the periods from time t; to time t;, time t, to time t,, and time t5 to time t,, are
times when tube expansion is occurring in weld regions 31a, 31b, 31c... of the long tube, or times
. when aberrations are occurring. The envelopes for these times produce the waveforms represented by
the broken lines in Figure 6(c), but the waveforms represented by said broken lines are not output in
these time periods. Rather, values interpolated from the change in envelope intensity at a time before,
after, or before and after (represented by the solid lines in the figure) are output as the envelope
intensity At for said time points. -
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{0050} For example, when the difference or ratio of the actual calculated value and the predicted
value determined from the change in the envelope using the aforementioned standard exceeds a
predetermined range, said predicted value is used instead of said actual value. Thus, the envelope
intensities during tube expansion in the weld regions and during quality aberration will be far outside
the values predicted from the transition of the envelope intensity during tube expansion of the main
body of the steel tube, and so the aforementioned predicted values are used instead of the envelope
intensity at these times. .
{0051} Figure 7(a) shows the output signal from the amplification processor 105. With regard to the
output, the amplification processor 105 amplifies the signal shown in Figure 6(b) that is output by the
absolute value processor 101 by a degree of amplification that is inversely proportional to the intensity
of the envelope detector output represented by the solid line in Figure 6(c) in order to correct for
.damping of the elastic waves reaching the AE sensor. As is seen in the figure, the degree of
-amplification of the signal from the absolute value processor 101 is increased by the amplification
processor 105 in accordance with the distance of the AE sensor from the site 6f tube expansion. An
- output is thus made after correcting for damping of the elastic waves produced by tube expansion.
. {0052} Figure 7(b) shows the output signal from the comparative processor 103. The comparative
. processor 103 outputs a “Hi™ signal when the output of the amplification processor exceeds the
aforementioned aberration. decision standard value Th2, and thus outputs pulse signals P1 to P3
+- which are high value generation signals during the period from time ¢3 to'td. The notification means
110 receives said high value generation signals, and uses sound or display to make a notification as to
- the occurrence of quality aberration. : : -
- {0053} In addition, a pulse counting processor is provided between the aforementioned comparative
. circuit part 103 [sic) and the aforementioned notification means 110, whereby the number of the
aforementioned high value generation signals from the comparative processor 103 is counted. This
~ number is then transmitted to the notification means 110. The notification means 110, thus renders
notification regarding the occurrence of quality aberration and the degree of quality aberration based
- on the number of the high value generation signals. :
- {0054} Meanwhile, a peak value detector is provided that detects the maximum value for the
amplification circuit output immediately after the point when the high value generation signal is
. output from the aforementioned comparative circuit 103. The notification means.110 thus renders
" notification as to the occurrence of quality aberration, and the degree of quality aberration based on _
.the magnitude of said peak value. - . - o
- {0055} Figure 8 is an output waveform diagram for each of the processors when cracking occurs
- during actual tube expansion of the steel tube. Specifically, the figure is an output waveform diagram
. when quality inspection is actually being carried out according to the present invention using the

- - . configuration described in Figure 1 and Figure 2(a). In (a), the high-amplitude output waveforms

‘occurring approximately at times t;, t, and t, are generated due to the occurrence of cracking at these
. -time points. : - .
) {0056} As is clear from the figures, when the aforementioned aberration decision standard value Thl
is set to 5x the value of the amplitude As of the AE sensor at time ts in the initial period of tube
. expansion using the aforementioned aberration decision standard value setting part 102, the
- .comparative processor 103, as shown in (b) generates pulse signals which are the aforementioned high
..value generation signals, the first being close to time t,, the second being close to time t; and the third
" being close to time t,. Consequently, the notification means sends notification of aberration -
occurrences at these time points t;, t, and t,.
- {0057} The present invention is not. restricted by the embodiments described above, and various-
_ modifications are possible within a range that does not exceed the scope of the invention. For
. example, it goes without saying that the steel tube that is the subject of inspection is not restricted to -
. one that has weld regions. The site of attachment of the AE sensor is also not restricted to the side
surface of the tube, as the sensor may be attached at the end surface. In the embodiments described
.above, the tube expansion mandrel had a tapered region, but mandrels are not restricted to this type.
- For example, a tube expansion mandrel can be used that has xpanding diameter rollers present on the
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outer surface of the mandrel, so that the internal wall of the steel tube is pressed outwards in a radial
direction by means of said expanding diameter rollers. :
{0058} On the other hand, regarding setting of the aforementioned aberration decision standard value,
modes are not restricted to the process represented in the embodiment, and the value may be set to a
value that is between the amplitude of the signal determined when normal tube expansion is occurring
. and the amplitude of the signal determined when quality aberration occurs. In addition, in the
aforementioned embodiment, processing performed by analog signal processors can be carried out by
means of digital signal processing. For example, an A/D converter can be provided after the absolute
value processor 101 or the amplification processor 105 so that their outputs are converted to digital
signals, which are then subjected to digital signal processing for subsequent processes.
{0059}
{Effects of the Invention} By means of the quality inspection method used during tube expansion
described in Claim 1 of the present invention, as tube expansion occurs with movement of the tube
expansion mandrel, vibrations are generated at the site of tube expansion. When quality aberrations-
are generated in the steel tube, the AE sensor signal amplitude increases relative to the amplitude at
previous and subsequent time points. By employing this increase, the invention has the merit of
" allowing determination regarding an occurrence of quality aberration as tubc expansion occurs’
without installing special irradiation devices or drive devices for quality inspection.
{0060} In addition, vibrations generated by tube expansion and by movement of the tube expansion:
device are transmitted through the steel tube to an AE sensor that is at a location distant from the site
where tube expansion is occurring, so that it is possible to perform quality inspection during tube
expansion with the inspection device itself fixed at a specific location. In addition, there is also the
merit that quality inspection can be carried out as the long steel tube is undergoing expansion.
* Because the rate of transmission of said vibrations is extremely fast, when quality aberrations such as
~ cracking occur during tube expansion, it is possible to detect the occurrence of quality aberration and
~ the degree of quality aberration nearly simultaneous to its occurrence. ' :
{0061} Moreover, with the quality inspection method used during tube expansion described in Claim’
2, in addition to the merits of the quality inspection method described in Claim 1, there is the merit
 that the degree of quality aberration can be determined simultaneous to the quality aberration with the
inspection device itself fixed at a determined location, without requiring the use of special drive
 devices or irradiation devices for quality inspection. _
{0062} Moreover, with the quality inspection method used during tube expansion described in Claim
3, the degree of amplification of the AE sensor is increased in accordance with a continual decrease in
" AE sensor signal amplinide, or the degree of amplification of the AE sensor signal is decreased in
accordance with a continual increase in AE sensor amplitude. By this means, damping of the elastic
" waves generated due to tube expansion occurring during the time it takes them to reach the AE sensor
- can be compensated for with high precision, so that it is possible to increase the reliability and
accuracy of processing carried out using said AE sensor signal. '
. {0063} For example, as the tube expansion mandrel becomes increasingly distant from the AE sensor,
* the decrease in AE sensor signal is compensated for, and thus even with long steel tubes, it is possible
to determine the occurrence of quality aberration and the degree of quality aberration with a high level
- of accuracy. Moreover, because stable determination of the occurrence of quality aberration and the
degree of quality aberration is possible with little fluctuation in AE sensor signal amplitude due to
change in transmission distance, a quality inspection method for use during tube expansion is
provided that increases the reliability of these determinations. L :
{Brief Description of the Figures)
- {Figure 1} Schematic constitutional diagram that presents a summary of the quality inspection method
" during tube expansion of steel tubes pertaining to the present invention.
{Figure 2} Control block diagram showing an cxample of the signal processing system for the steel
tube quality inspection device used in the present invention. '
- {Figure 3} Diagram giving a schematic presentation of the signal waveforms for each of the
processors of Figure 2(a), (b) and (c), where (a) is the waveform diagram of the output signal from the
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AE sensor, (b) is the waveform diagram of the output signal fr m the absolute value processor and (c)
is the waveform diagram of th  utput signal from the comparative processor.
. {Figure 4} Diagram giving a schematic presentation of the signal waveforms for each of the
process rs f r Figure 2(d), where (a) is the waveform diagram of the output signal from the AE
sensor, (b) is the waveform diagram of the output signal from the absolute value processor and (c) is -
- the waveform diagram of the output signal from the envelope detector, .
{Figure 5} Control block diagram showing an example of a processing system other than that of the
- steel tube quality inspection device presented in Figure 2(a)-(d). .
{Figure 6} Waveform diagrams giving a schematic presentation of the outputs of the constitutive
processors for the steel tube quality inspection device shown in Figure 5, where (a) is the waveform
diagram of the output signal from the AE sensor, (b) is the waveform diagram of the output signal
. from the -absolute value processor and (c) is the waveform diagram of the output signal from the
. envelope detector. : : .
- - {Figure 7} Waveform diagrams giving a schematic presentation of the outputs of the constitutive "
-+ processors. for the steel tube quality inspection device shown in Figure 5, where (a) is the waveform
- diagram of the output signal from the amplification processor and (b) is the waveform diagram of the -
output signal from the comparative processor. = . ., - - . .
{Figure 8} Waveform diagrams for the various processors when cracking occurs during-actual tube
. expansion of a steel tube, where (a) is the output waveform diagram from the absolute value processor’
amplification processor and (b) is the output waveform diagram from the comparative processor.

| Key)
- 10

‘ AE sensor
. 20 . Tube expansion mandrel
30  Longtube ’
" 303, 30b, 30c... Steel tubes
- -31a, 31b...Weld regions
- 100- - Quality inspection device unit
--101. - Absolute value processor .

102 Aberration decision standard value setting part
103 Comparative processor

- -104:  Pulse calculator’

- 105 . Amplification processor
106 .- Envelope detector
.107. . Peak value detector

© 108 .Pulse width determination part

1103 Notification means
..[see source for figures]
' Figure1 | |

Figwe3 .
@
AE sensor output
Time
® |
Absolute value processor output
~Time '
© |
Comparative processor output
. Time -



Japanese Unexamined Patent Application Publication 2000-162192

Figure 5
[see Key above]

Figure 2
[see Key above]

Figure 4

@ -

AE sensor output

Time

®)

Absolute value processor output

Time s
©

Envelope detector output

Time

Figure 6

@

AE sensor output

Time

®)

Absolute value processor output
Time

©

Envelope detector output

Time

Figure 7 .o
(@) '

Amplification processor output

Time

®

Comparative processor output

Time

Figure 8

(@)

Comparative value processor output
Time '
® |
Comparative processor output

Time

Continued from the front page

F Terms (Reference) [see source for codes]



J - ;
m TRANSPERFECT;TRANSLATIONS

AFFIDAVIT OF ACCURACY

ATLANTA
BOSTON
BRUSSELS
CHICAGO
DALLAS

DETROIT
FRANKFURT
HOUSTON
LONDON

LOS ANGELES
Mlamt
MINNEALOLIZ
NEW yORr

PARIS
PHILADELPHI2

© sanDiEce
$AN FRANCISCO
SEATTLE
WASHINGTON. DC

I, Kim Stewart, hereby certify that the following is, to the best of my
knowledge and belief, true and accurate translations performed by
professional translators of the following patents from Japanese to English:

2000-162192
102875
60-208458

2000-94068

4

200010770
ji:’) Nt

Kim Stewart 7
TransPerfect Translations, Inc.
3600 One Houston Center
1221 McKinney

.Houston, TX 77010

Sworn to before me this
23rd day of January 2002.

P A Seer,

Signature, Notary Public

X MBS
) OFF .
1 MARL: . ek
b NOTu. -0 2 LB0C
) therm - w00 of Texas
: ™ 7 Myror. | .. v13322.2008
Frcnespmm—— e
Stamp, Notary Public

Harris County
Houston, TX

3600 ONE HOUSTON CENTER. 1221 MCKINNEY. HOUSTON. Tx 77010

TEL 713 650.‘0440 FAX 713 650-0439 WWW.TRANSPERFECT.COM .



	2002-05-21 Foreign Reference

